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The immunobistochemical localization of amy-
loid [3/A4 protein in the senescence-accelerated
mouse brain was studied using six different an-
tisera against buman amyloid precursor protein
peptides. 3/A4 proteinlike immunoreactivity was
observed in tbhe form of granular structures ([
LIGS) in various regions, including the medial
septum, cerebral cortex, bippocampus, cerebel-
lum, and some cranial nerve roots. -LIGS were
1.5 to 2.5 u in diameter and irregularly sbhaped.
They increased significantly in number with ag-
ing, predominantly in animals with a pbenotype
of age-related deterioration of memory and learn-
ing abilities. Congo red and thioflavine S did not
stain the granules. On immunoblots, the main im-
munoreactive bands were observed at 14 to 18 kd.
The staining intensities of these bands also in-
creased with advancing age. We consider that
B-LIGS are not only a new morpbological mani-
Sestation of senescence in mice, but also a perti-
nent clue in understanding the mechanisms of
amyloid deposition. (Am J Pathol 1993, 142:
1887-1897)

Amyloid B/A4 protein, a 4.2-kd polypeptide,’2 is the
integral component of senile plaques and cere-
brovascular amyloid fibrils in individuals with Alzhe-
imer's disease,®® Down's syndrome,® and normal ag-
ing.”'® Amyloid B/A4 protein seems to originate from
amyloid precursor protein (APP), which has several
species generated by alternative splicing.®~'4 Amy-
loid B/A4 protein deposition seen in subjects with
Alzheimer's disease has been found only in higher

mammalians such as primates, dogs, and polar
bears. 522 Recently, two groups reported that trans-
genic mice and transplants of trisomy 16 mice could
serve as experimental models for amyloid B/A4 pro-
tein deposition in the brain.2324

The senescence-accelerated mouse (SAM), a mu-
rine model of accelerated senescence, has been es-
tablished by Takeda and colleagues.2®26 There are
now eight accelerated senescence prone lines
(SAM-P) and three accelerated senescence resistant
lines (SAM-R), the latter with normal characteristics of
aging. Each line has a relatively strain-specific patho-
logical phenotype such as systemic senile amyloid-
osis,?”-%9 senile cataract,3' senile osteoporosis,®? or
degenerative joint disease.®® SAM-P/8 shows early
onset and rapid advancement of senescence re-
vealed by analysis of aging dynamics such as Go-
mpertz function, survivorship curve, and grading
score system3* and exhibits a significant age-related
deterioration of memory and learning abilities.35-38

To our knowledge, there has been no report of a
spontaneous development of /A4 immunoreactivity
in the mouse brain. In the present study, we examined
immunohistochemically and immunochemically the
SAM-P/8 brain and the SAM-R/1 brain, using six dif-
ferent antisera against synthetic or recombinant hu-
man APP peptides. We present here evidence indi-
cating that B/A4-like immunoreactive structures occur
in the SAM brain and show a marked age-related in-
crease.

Materials and Methods
Animals

We examined five young (2-month-old), five middle-
aged (9-month-old), and four old (12-month-old)
SAM-P/8 and SAM-R/1 male mice, respectively, and
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two very old (22-month-old) SAM-R/1 male mice.
The mice were reared in our laboratory under con-
ventional conditions at constant temperature (24 +
2 C) and were maintained on a 7 a.m. to 7 p.m. light/7
p.M. to 7 am. dark schedule and on a commercial
diet (CE-2, Nihon CLEA) and tap water ad libitum.

Tissues

The mice were deeply anesthesized with an intra-
peritoneal injection of 0.07 ml of 5% sodium pento-
barbital and perfused transcardially with 50 ml ice-
cold 0.01 mol/L phosphate-buffered saline (PBS, pH
7.4), followed by a fixative of 150 ml of 4%
paraformaldehyde and 0.2% picric acid in 0.1 mol/L
phosphate buffer (pH 7.4). The brains were re-
moved immediately and soaked in a postfixative
consisting of 4% paraformaldehyde and 0.2% picric
acid in 0.1 mol/L phosphate buffer (pH 7.4). Follow-
ing cryoprotection with 20% sucrose in 0.1 mol/L
phosphate buffer (pH 7.4) overnight at 4 C, blocks
were frozen and cut serially into 15-p-thick sections
on a freezing microtome.

Immunohistochemistry

The immunohistochemical staining was done using
the avidin-biotin complex (Vector Laboratories, Bur-
lingame, CA) method. Sections were kept in 0.3%
H-0, in 0.1 mol/L PBS for 30 minutes at room tem-
perature to inhibit endogenous peroxidase activity.
After rinsing with 0.1 mol/L PBS containing 0.3% Tri-
ton X-100 (PBST), they were incubated in a primary
antibody diluted in PBST for 24 hours at 4 C. A rab-
bit polyclonal antibody raised against a synthetic
human B/A4, », peptide®® (1:5,000), a rabbit poly-
clonal antibody against a human B/A4, 4, peptide
(Boehringer Mannheim Biochemica, Mannheim,
Germany, 30 pg/ml), a rabbit polyclonal antibody
against a synthetic human B/A4; 45 (1:1,000), a rab-
bit polyclonal antibody against a recombinant hu-
man APP,_s9,, which corresponds to 1-592 of
APPgsos (1:5,000), a rabbit polyclonal antibody
against a synthetic human APPg7_ggs, Which corre-
sponds to C-terminal 25 amino acid residues of hu-
man APPggs (1:4,000), and a rabbit polyclonal anti-
body against a synthetic human APPggs_gos™®
(1:1,000) were used as primary antibodies. After
rinsing with PBST, sections were incubated in a bi-
otinylated anti-rabbit 1gG diluted (1:200) in PBST for
1 hour at room temperature. After washing with
PBST, they were placed in an avidin-biotin peroxi-
dase complex diluted (1:400) in PBST for 1 hour at

room temperature. After washing thoroughly with
0.05 mol/L Tris-HCI buffer (pH 7.6), they were col-
ored with 0.02% 3-3' diaminobenzidine tetrahydro-
chloride, 0.45% nickel ammonium sulfate, and
0.006% H,0, in 0.05 mol/L Tris-HCI (pH 7.6) for 10
minutes. These stained sections were then mounted
onto gelatin-coated slides, air-dried, dehydrated
within a graded series of ethanol, cleared by xy-
lene, and coverslipped with Entetllan new (Merck,
Darmstadt, Germany). The immunohistochemical
absorption experiment was done by adding 0.1 to
10 pmol/L B/A4,_,, peptide to the working solution.
As a control experiment, we performed the identical
immunohistochemical procedure but with omission
of the primary antibody or using a normal rabbit se-
rum instead of the primary antibody. Some sections
from all the animals were stained with hematoxylin
and eosin, neutral red, Congo red, thioflavine S,
and periodic acid-Schiff (PAS).

Immunoblotting Analysis

We examined SAM-P/8 and SAM-R/1 male mice of
three age groups (2 months old, 9 months old, and
12 months old). We studied three mice for each age
group. These mice were anesthesized and per-
fused transcardially with 50 ml ice-cold 0.01 mol/L
PBS (pH 7.4). Each brain was homogenized at 4 C
in 10 volumes of 0.01 mol/L PBS (pH 7.4). Homoge-
nized samples were centrifuged at 30,000g, and
pellets were resuspended in 3 to 5 volumes of 2%
sodium dodecy! sulfate containing 8 mol/L urea.
These resuspended samples were solubilized in 50-
fold sodium dodecy! sulfate sample buffer as de-
scribed by Laemmli,*" incubated for 1 hour at 37 C,
then sonicated. Diluted samples (15 to 20 pl) were
electrophoresed on 8% or 20% polyacrylamide gels
and transferred to polyviniliden difluoride filters (Im-
mobilon, Nihon Millipore Co., Ltd., Tokyo, Japan).
The transferred memhranes were incubated in a
blocking solution of 3% bovine serum albumin in
0.01 mol/L PBS (pH 7.2) and then in a primary anti-
body for 24 hours at 4 C. An anti-B/A4, ,, antibody
(1:3,000), an anti-B/A4; 4» antibody (30 pg/ml), an
anti-B/A4,_,5 antibody (1:1,000), and an anti-
APPg74 605 antibody (1:2,000) were used as primary
antibodies. After washing with 0.01 mol/L PBS (pH
7.4), the membranes were incubated in a biotiny-
lated anti-rabbit 1gG diluted (1:1,000) in 0.01 mol/L
PBS (pH 7.4) for 1 hour at room temperature,
washed again with 0.01 mol/L PBS (pH 7.4), and
then reacted with an avidin-biotin peroxidase com-
plex diluted (1:200) in 0.01 mol/L PBS (pH 7.4) for



30 minutes at room temperature. They were im-
mersed in 0.005% 3-3' diaminobenzidine tetrahy-
drochloride and 0.006% H,0, in 0.05 mol/L Tris-HCI
(pH 7.4).

Quantitative Analysis

Two sections of the cerebral cortex at the level of
2.6 to 2.8 mm rostral to the frontal zero plane, the
vertical plane running through the interaural line,
and two sections of the trigeminal nerve root at the
level of 0.2 to 0.4 mm caudal to the frontal zero
plane were collected from B/A4,_,, immunostained
sections of each animal. Four representative micro-
scopic fields under a X20 objective lens were arbi-
trarily selected bilaterally from each section. The im-
munoreactive granules in each field (3.72 X 10* y?)
were counted using a computerized image ana-
lyzer, LUZEX3U (Nikon, Tokyo, Japan). The numeri-
cal densities (number/u?) were calculated. A statis-
tical analysis was done using paired ttest to
evaluate differences in the numerical densities of
immunoreactive granules among respective age
groups of both SAM-P/8 and SAM-R/1. Differences
in the numerical densities of granules between age-
matched SAM-P/8 and SAM-R/1 were also statisti-
cally analyzed by paired t-test.

Homology Search

To investigate the possibility of cross-reactivity of
the present B/A4 antiserum with other homologous
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Figure 1. Immunohistochemistry of the brains
of SAM-P/8 using antiserum (1:5,000) against
o

a synthetic human B/A4,_.,. A: \Very few WM
B-LIGS (arrows) are observed in the frontopari-
elal cortex of a 2-month-old SAM-P/8 mouse
(X360). B: B-LIGS in the frontoparietal cortex
of a 12-month-old SAM-P/S mouse. Numerous
granules are observed mainly in the deep corti-
cal layers (X360). Inset shows a higher power
view of B-LIGS (X 1.000): V= fifth cortical layer.
VI sixth cortical layer. WM: white matter. C:
B-LIGS (arrows) in the trigeminal nerve root of
a 2-month-old SAM-I/8 mouse (X 360). D:
B-LIGS in the trigeminal nerve root of a 12-
month-old SAM-P/8 mouse. Granules are mark-
edly increased in number and are more
strongly immunolabeled compared with those
in a 2-month-old SAM-P/8 mouse (X 360).
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proteins, a homology search was performed using a
computerized homology search system, Integrated
Database and Extended Analysis System for Nu-
cleic Acids and Proteins. Proteins with amino acid
sequence homologous to the human B/A4,_, pep-
tide were searched for among already known pro-
teins of mammalians, including mouse, and the per-
cent match was calculated.

Results

Histological Study

We found amyloid B/A4 proteinlike immunoreactivity
in the form of a granular structure in various regions
of the SAM brains, using an anti-B/A4,_,, antibody
(Figure 1). The B/A4-like immunoreactive granular
structures (B-LIGS) were 1.5 to 2.5 p in diameter
and irregularly shaped. The topographic distribution
of B-LIGS is shown in Figure 2. They were dissemi-
nated in both gray and white matter such as the lat-
eral olfactory tract, medial septum, cerebral cortex,
thalamus, hippocampus, caudate putamen, pyrami-
dal tract, cerebellar peduncle, cerebellum, and
some cranial nerve roots and nuclei. In the cerebral
cortex, the granules were mainly observed in the
deep cortical layers (Figure 1, A and B). In the hip-
pocampus, two types of immunoreactive granules
were observed (Figure 3A): B-LIGS and granules of
a larger size. Larger granules were round to ovoid
in shape. They were usually clustered and stained
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Figure 2. Topographic distribution of B-LIGS in the brain of a 12-month-old SAM-P/8. B-LIGS are distributed in the various brain regions. includ-
ing the medial septum, cerebral cortex. hippocampus. and some cranial nerve roots. FrPa: frontoparietal cortex. CPu: caudate putamen, CC: cor-
pus callosum. MS: medial septal nucleus, LS: lateral septal nucleus, AC: anterior commissure. Tu: olfactory tubercle. DHC: dorsal hippocampal
commissure, Hi: hippocampus. Fi: fimbria, MD: mediodorsal thalamic nucleus. CM: central medial thalamic nucleus. LD: laterodorsal thalamic
nucleus. LP: lateral posterior thalamic nucleus. Po: posterior thalamic nucleus. VP: ventral posterior thalamic nucleus. DA: dorsal hypothalamic
area. DM: dorsomedial hypothalamic nucleus, VMH: ventromedial bypothalamic nucleus. SuG: superficial gray layer of superior colliculus. INCo:
intercollicular nucleus. CG: central gray. PPTg: pedunculopontine tegmental nucleus. XSCP: decussation of superior cerebellar peduncle. PnO:
pontine reticular nucleus, TFP: transverse fibers of pons. LL: lateral lemniscus. BP: brachium pontis. MCP: middle cerebellar peduncle. S5: sensory
root of trigeminal nerve. SCP: superior cerebellar peduncle. VSC: ventral spinocerebellar tract. Mos: motor trigeminal nucleus. Pr5: principal sen-
sory trigeminal nucleus. 7n: facial nerve. 8n: vestibulocochlear nerve. Tz: trapezoid body. Py: pyramidal tract.

with PAS, findings compatible with previously re-
ported PAS-positive granular structures (PGS).#2
PGS were also stained with various other antisera
and even with normal rabbit serum (1:2,000).
B-LIGS were stained only when we used frozen sec-
tions from perfused brains, in a free-floating condi-
tion. We found no immunoreactive structures in
formalin-fixed paraffin-embedded sections, even
with formic acid pretreatment.#® Counterstaining
with neutral red revealed that B-LIGS were present
in neuropils rather than in the cell body (Figure 3B).

B-LIGS were also stained with an anti-B/A4,_;5
antibody, although they were smaller in number,
weaker in immunopositivity and in limited brain
areas compared to those stained with an anti-B/
A4, 5, antibody. B-LIGS stained with an anti-g/
A4,_,s antibody appeared similar in terms of their
shape and size to those stained with an anti-g/
A4, 5, antibody. They were found in some brain
areas including the cingulate cortex, hippocampus,
cerebellar nuclei, cerebellar peduncles, and trigem-
inal and vestibular nuclei. There was no region
where granular structures were stained only with an
anti-B/A4,_,5 antibody. In the hippocampus, both
B-LIGS and PGS were stained with an anti-B/A4_5
antibody. An anti-APP,_sg, stained a subset of neu-

rons, as described previously,*44% although B-LIGS
were not stained (Figure 3C). An anti-APPg74 695, @n
anti-APPges_s9s and an anti-B/A4,_4, antibodies did
not label the B-LIGS despite formic acid pretreat-
ment with various concentrations.*346

Control staining was made by omission of the pri-
mary antibody or exchanging the primary antibody
with normal rabbit serum. B-LIGS were never ob-
served under these conditions. When sections were
incubated in the primary antibody preabsorbed with
0.1 to 10 pmol/L synthetic human B/A4;_»4, no spe-
cific staining was observed (Figure 3D). The identi-
cal procedure also abolished senile plaque staining
in the brain of a subject with Alzheimer’s disease
(Figure 3, E and F). Congo red or thioflavine S
methods did not stain similar granular structures.
PAS stained PGS but not B-LIGS.

Immunoblotting Analysis

For immunoblotting analysis, we used two gels with
polyacrylamide concentrations of 8% and 20% to
clearly separate the high molecular weight region,
including full-length APP (120 to 130 kd), and the
low molecular weight region, including B/A4 protein
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Figure 3. Immunobhistochemistry of the brain of a 12-month-old SAM-P/8 (A to D), and immunobistochemistry of the buman brain of Alzbeimer's
disease as a positive control (E and F). A: In the bippocampus immunolabeled by anti-B/A4,_ ., antiserum (1:5,000). tuwo thipes of immunoreactive
granules are observed: the larger PGS (long arrous) and the smaller B-LIGS (short arrows) (X 360). Or: oriens layer. Py: pyramidal cell layer. Rad:
stratum radiatum, Mol: molecular layer. B: Counterstaining with neutral red suggests that granules are mainly localized in neuropils (X 360). C:
In the trigeminal nerve root immunolabeled by antiserum (1:5.000) against a recombinant APP,_ s, no granular structures are stained (X 360).
D: The trigeminal nerve root immunolabeled by anti-B/A4,_ ., antiserum after preabsorption with I jmol/L synthetic buman B/A4,_s,. B-LIGS
staining is abolished (X 360). E: Human temporal cortex immunolabeled by anti-B/A4,_ ., antiserum ( 1:8,000. X 360). F: Human temporal cortex
immunolabeled by anti-B/A4,_-, antiserum after preabsomption with 1 pmol/L synthetic B/A4,_ .. Senile plaque staining is abolished (X 360).

(4.2 kd), respectively. With the 20% polyacrylamide
gel, robust 14- to 18-kd immunoreactive bands
were identified (Figure 4A). The predicted 4.2-kd
band that corresponds to the human B/A4 protein
was not detected. Using the 8% polyacrylamide

gel, a robust band was observed at the end of the
gel (Figure 4B). Thus, the molecular weight of the
main immunoreactive protein was lower than that of
the gel end, <30 kd, which was separated into 14-
to 18-kd bands with the 20% gel (Figure 4A). A faint
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Figure 4. Western immunoblots of the brains of SAM. A: Immunoblot of a 12-month-old SAM-P/8 using a 20% polyacrylamide gel. Lane 1: anti-
B/A4 .y antiserum (1:3.000), \ane 2: anti-B/A4,_ .., antiserum after absorption with 1 pmol/L synthetic B/A4,_,. 14- to 18-kd bands are stained.
The staining is abolished by preabsorption with the antigen. B: Immunoblot of a 12-month-old SAM-P/8 using a 8% polyacrylamide gel. A robust
hand at gel end (<30 kd) and a faint band at 120 kd (arrow bead) are labeled. The labeling is abolished by preabsorption with the antigen. Lane
1: anti-B/A4,_ ., antiserum (1:3.000). 1ane 2: anti-B/A4,. ., antiserum after absorption with 1 umol/I. synthetic B/A4,. ,. C: Immunoblots of a 12-
month-old SAM-P/8 using a 20% polyacrylamide gels. Lane 1: anti-B/A4, ., antiserum (1:3,000), 1ane 2: anti-B/A4, ., antibody (30 jg/ml), lane
3: anti-APP,~_oos antiserum (1:2.000). All antibodies used here showed a similar immunoblotting pattern. D: Immunoblots of 2-, 9-. and 12-
month-old SAM-P/8 and SAM-R/1 using an anti-B/A4,_,., antiserum (1:3,000). Lanes 1 and 4: 2-month-old. 1anes 2 and 5: 9-month-old. lanes 3
and 6: 12-month-old SAM-I/8 danes 1. 2. and 3) and SAM-R/1 (anes 4, 5, and 6 ). Staining intensities of immunoreactive bands seem 1o incredse
with aging in both SAM-I/8 and SAM-R/1. Increments of staining intensities occur in SAM-P/8 at a younger age than in SAM-R/1. 25 jg (A to C)
or 15 ug (D) of total protein was applied to cach lane. Bars indicate molecular weights: 20.1. 14.4. and 6.2 kd. respectively (C and D ).

120-kd band that seemed to be a fuli-length APP tide (Figure 4, A, lane 2, and B, lane 2). The 14- to
was also observed. Staining of these bands was 18-kd bands were also recognized using an anti-g/
abolished by preabsorption of the primary antibody A4, 4o antibody, an anti-APPg74_e9s antibody (Fig-
with 1 to 10 pmol/L synthetic human B/A4; », pep- ure 4C), and an anti-B/A4,_,5 antibody as primary



antibodies. Staining intensities of immunoreactive
bands increased with aging in both SAM-P/8 and
SAM-R/1, and increases in staining intensities
seemed to occur in the earlier life period in SAM-P/8
rather than in SAM-R/1 (Figure 4D).

Quantitative Analysis

B-LIGS seemed to be more numerous in the older
animals in all regions where B-LIGS were observed,
most prominent in the cerebral cortex, medial sep-
tum, thalamus, and trigeminal nerve root. We per-
formed a quantitative analysis in the cerebral cortex
and trigeminal nerve root using a computerized im-
age analyzer, LUZEX3U (Figure 5). The mean nu-
merical densities of B-LIGS in 2-, 4-, 9-, 12-, and 22-
month-old SAM-R/1 were 0.13, 4.93, 33.5, 40.1, and
53.6 (X104/u?) in the cerebral cortex and 33.7,
46.5,91.7, 97.3, and 107.6 (x10~%/u?) in the trigem-
inal nerve root, respectively. The mean numerical
densities of B-LIGS in 2-, 4-, 9-, and 12-month-old
SAM-P/8 were 0.24, 5.38, 59.0, and 75.1 (X 10~4/u?)
in the ce[:abral cortex and 34.9, 51.0, 111.0, and
126.3 (X10~%/u?) in the trigeminal nerve root, re-
spectively. Differences in numerical densities be-
tween 2-month-old SAM-R/1 versus 9-, 12-, and 22-
month-old SAM-R/1 were statistically significant at P
values of 0.0532 (t = -4.159), 0.0082 (t =
—-10.974), and 0.0591 (t = -10.744) in the cerebral
cortex and at P values of 0.0005 (t = -10.465),
0.0001 (t = -18.621), and 0.0235 (t = -27.109) in
the trigeminal nerve root. Differences in numerical
densities between 2-month-old SAM-P/8 versus 4-,
9-, and 12-month-old SAM-P/8 were also statistically
significant at P values of 0.0163 (t = -7.732),
0.0001 (t = -25.34), and 0.0027 (t = -9.236) in the
cerebral cortex and at P values of 0.0143 (t =
-4.144), 0.0006 (t = -7.713), and 0.0009 (t =
-8.776) in the trigeminal nerve root, respectively. In
addition, in the cerebral cortex, differences in nu-
merical densities of B-LIGS were statistically signifi-
cant at a P value of 0.0386 (t = 3.533) for 9-month-
old SAM-P/8 versus SAM-R/1 and at a P value of
0.0029 (t = 6.478) for 12-month-old SAM-P/8 versus
12-month-old SAM-R/1. In the trigeminal nerve root,
the difference was statistically significant at a P
value of 0.0354 (t = 3.124) for 12-month-old SAM-
P/8 versus 12-month-old SAM-R/1.

Homology Search

The Integrated Database and Extended Analysis
System for Nucleic Acids and Proteins revealed that
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Figure 5. Numerical densities of B-LIGS in the cerebral cortex (A)
and the trigeminal nerve root (B). Numerical densities of B-LIGS in-
crease significantly with advancing age in both SAM-R/1 and SAM-
P/8 mice brains. Compared with 2-month-old SAM-R/1, increases in
numerical densities of B-LIGS in 9-, 12-, and 22-month-old SAM-R/1
are statistically significant at P values of 0.0532. 0.0082, and 0.0591
in the cerebral cortex. and at P values of 0.0005, 0.0001, and 0.0235
in the trigeminal nerve root, respectively. Similarly, compared with
2-month-old SAM-P/8. increases in 4-, 9-, and 12-month-old SAM-P/8
are significant at P values of 0.0163. 0.0001, and 0.0027 in the ce-
rebral cortex, and at P values of 0.0143, 0.0006, and 0.0009 in the
trigeminal nerve root. In addition. increases in numerical densities
of B-LIGS are more marked in SAM-P/8 compared with SAM-R/1 (*: P
< 0.05. *: P < 0.01). Each statistical analysis was done using paired
t-test. Each bar represents mean * SE.

the mouse B/A4 region was 83.3% homologous to
the human B/A4,_,4. No established mouse protein,
except for the mouse B/A4 region, was found to be
homologous to the human B/A4,_,,.

Discussion

To our knowledge, this is the first report of sponta-
neous development of B/A4-like immunoreactivity in
the mouse brain. B-LIGS were stained only when we
used frozen sections from perfused brains, in a
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free-floating condition. We found no B/A4-like immu-
noreactive structures in formalin-fixed, paraffin-
embedded sections, despite a formic acid pretreat-
ment.“3 Based on the clear absorption of the g/A4
immunostaining of B-LIGS by a low concentration of
the corresponding synthetic peptide, we consider
that the staining is a specific immunoreaction. Simi-
lar to findings with another anti-g/A4 antibody,** the
present anti-B/A4,_», antibody also recognized a
120-kd band that may correspond to a full-length
APP. However, the staining intensity of a 120-kd
band was much lower than that of 14- to 18-kd
bands. In addition, the staining intensities of 14- to
18-kd bands increased with advancing age, which
is compatible with the age-related increase in nu-
merical densities of B-LIGS. Thus, the main immu-
noreactivity of B-LIGS is considered to reflect rec-
ognition of the 14- to 18-kd proteins rather than full-
length APP. It is also possible to suppose that the
anti-B/A4,_,, antibody recognizes APP-uncon-
cerned proteins that have amino acid sequences
homologous to the human B/A4,_,,4. For elucidation,
we used the computerized homology search sys-
tem, Integrated Database and Extended Analysis
System. This system revealed that no already
known mouse protein, except for the mouse B/A4
region, was homologous to the human B/A4, 54,
which suggests that no known protein is likely to ac-
count for a cross-reaction. Furthermore, B-LIGS
were stained not only with an anti-B/A4,_,4 antibody
but also with an anti-p/A4,_1s antibody, and both
antibodies recognized the same 14- to 18-kd bands
on immunoblotting lanes. Thus, we consider that the
possibility of a cross-reaction is unlikely, whereas
we could not still exclude some possibility of an im-
munochemical or immunohistochemical cross-
reaction with unknown protein.

An anti-B/A4,_,, antibody and an anti-APPg71_gos
antibody did not stain B-LIGS immunohistochemi-
cally, whereas they recognized the 14- to 18-kd
bands on immunoblotting lanes. This discrepancy
might be attributed to differences of epitopes rec-
ognized by each antibody. In tissue sections,
epitopes recognized by an anti-B/A4,_4» antibody
or an anti-APPg71_s95 antibody might be hidden due
to conformations of the target protein or surround-
ing structures, whereas epitopes recognized by an
anti-p/A4,_o, antibody or an anti-B/A4,_ys antibody
were exposed using the present immunohistochem-
ical procedure. In contrast, when we homogenized
samples, these architectures might be broken down
and epitopes exposed to be recognized by each
antibody.

There has been no report on granular structure in
the mouse brain similar to B-LIGS. PGS, described
by Akiyama et al,? are granules of a larger size,
measuring up to 5 p, are usually clustered, and
stain with PAS. In addition, immunohistochemically,
PGS stained not only with the present anti-p/A44_24
antibody, but also with various others, including
anti-APP,_sg,> antibody (1:3,000) and even with nor-
mal rabbit serum (1:2,000). Thus, we conclude that
B-LIGS and PGS are dissimilar.

Numerical densities of B-LIGS increased signifi-
cantly with advancing age in brains of both SAM-
P/8 and SAM-R/1, characteristics of importance
because only neuroaxonal dystrophies and eosino-
philic thalamic intraneuronal inclusions,*” lipofuscin
accumulation,*® and PGS*2 have been found as
morphological parameters of aging in the mouse
brain. Furthermore, numerical densities of B-LIGS
increased more markedly in brains of SAM-P/8 com-
pared with those of SAM-R/1. Increases in numeri-
cal densities of B-LIGS were most rapid at ages
from 4 to 9 months. Studies on memory and learn-
ing abilities using both active and passive avoid-
ance tasks showed that the deterioration of abilities
progressed from age 4 to age 8/9 months®5-38 in
SAM-P/8. Thus, the rapid and accelerated accumu-
lation of B-LIGS might be associated with the age-
related deterioration of memory and learning abili-
ties seen in SAM-P/8.

As described above, the immunoreactivity of
B-LIGS may be associated with the 14- to 18-kd
proteins. Because the 14- to 18-kd proteins were
specifically recognized with anti-B/A4 antibody, the
14- to 18-kd proteins seem to be the B/A4 region-
containing APP fragments generated by normal or
aberrant processing associated with aging. More-
over, certain parts of these fragments may harbor
the C-terminal region of APP, according to the result
of immunoblot using an anti-APPg;;_ges antibody.
As the identical anti-B/A4,_24 antibody used in the
present study recognized a 4.2-kd robust band in
the brain of a subject with Alzheimer's disease,®
processing of APP may occur in a different manner
between mouse and human brains. Differences in
the primary structure of APP2149.50 or the process-
ing enzyme may relate to the differences in the pro-
cessed proteins, 4.2-kd B/A4 protein in the human
brain and 14- to 18-kd APP fragments in the mouse
brain. The differences in the processed proteins
could affect their polymerization into the B-pleated
sheet,®' leading to the development of characteris-
tic senile plaques classically with Congo red bire-
fringence in the human brain and to the develop-
ment of granular deposits in the absence of Congo



red birefringence in the mouse brain. The character-
ization of the 14- to 18-kd proteins in the mouse
brain is necessary to address this assumption.

In the present study, we obtained evidence indi-
cating that B-LIGS, which may have 14- to 18-kd
APP fragments as a component, develop spontane-
ously in the SAM brain and that they increase in
number with advancing age, predominantly in ani-
mals with a phenotype of age-related deterioration
of memory and learning abilities. We suggest that
B-LIGS are not only a new morphological manifesta-
tion of senescence in mice brains, but also a perti-
nent clue to determine mechanisms involved in
amyloid deposition.
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